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(57) ABSTRACT

Manual-valve pistons, manual-valve assemblies comprising
the manual-valve pistons, and compressed-gas systems com-
prising the manual-valve-assemblies are disclosed. A
manual-valve piston for sealing a compressed-gas conduit
may comprise a head portion, a sealing portion, and a stem
portion between the head portion and the sealing portion.
When the manual-valve piston 1n a conduit, a gap 1s defined
between a blocking rim of the head portion that allows com-
pressed gas to be trapped 1n an 1sochoric thermal 1solation
zone adjacent to the stem portion. The i1sochoric thermal
1solation zone protects sealing rings seated 1n the sealing
portion from extremely cold compressed gas being intro-
duced into the compressed-gas system. Manual-valve assem-
blies comprise a manual-valve piston coupled to a coupling
body. Compressed-gas systems comprise a fuel-storage ves-

sel, a refueling port, mnternal conduits, and a manual-valve
assembly disposed 1n one of the internal conduits.

7 Claims, 4 Drawing Sheets
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COMPRESSED GAS SYSTEM, MANUAL
VALVE ASSEMBLY, AND MANUAL VALVE
PISTON WITH ISOCHORIC THERMAL
ISOLATION ZONE

TECHNICAL FIELD

This mvention relates generally to compressed gas sys-
tems. In particular, this ivention relates to manual valve
assemblies for the compressed gas systems, and to manual
valve pistons for the manual valve assemblies.

BACKGROUND

Compressed gas systems may be found in numerous appli-
cations. For example, alternate-fuel powered vehicles typi-
cally comprise a compressed gas system for storing com-
pressed gasses and providing the compressed gasses to an
engine or fuel cell as sources of motive energy. Examples of
compressed gasses used 1n alternate-fuel powered vehicles
include, but are not limited to, compressed natural gas (CNG)
and hydrogen.

Vehicular compressed gas systems generally comprise one
or more seals between components of the system. Examples
of such seals include not only welds and other permanent
component connections, but also sealing rings such as
o-rings. When o-rings are made from plastics or rubbers, for
example, repeated heating and cooling, exposure to sharp
pressure differences, and general brittleness at low tempera-
tures may decrease durability of the o-rings and effectiveness
of their sealing properties. Thus, reliability of the compressed
gas systems as a whole depends 1n part on the sealing effec-
tiveness of the sealing rings, as well as on the ability of the
sealing rings to withstand severe conditions such as high
pressures, large and sometimes fast changes 1n pressure, high
and low temperatures, and fast changes 1n temperature. As
such, challenges for optimization of compressed gas systems
includes providing components and configuring the systems
to minimize exposure of the seals to severe conditions tending
to decrease effectiveness or lifetime of the seals.

Public mfrastructures for supplying compressed gasses to
compressed gas systems 1n alternate-fuel powered vehicles
typically deliver the compressed gases at reduced tempera-
tures such as, for example, —40° C. As such, the compressed
gas systems may be subjected to significant thermal shock
during refueling operations. In hot-weather environments
where ambient temperatures may exceed +40° C., the thermal
shock may be a result of a large temperature difference
between the cold, incoming compressed gas and the ambient
environment. In cold-weather environments where tempera-
tures may be as low as —40° C. already, the starting of the
vehicle may 1nvolve an mitial sharp rise 1n pressure of the
system when sealing components in the system already may
be stressed by the low ambient temperature. Therefore, ongo-
ing needs remain for developing compressed gas system com-
ponents that increase reliability and durability of the seals in
the compressed gas systems.

SUMMARY

These and other needs are addressed by the features
detailed 1n the example embodiments described herein.

In one embodiment, a manual-valve piston comprises a
head portion, a stem portion, and a sealing portion. The head
portion comprises a top end, a bottom surface, and a blocking,
rim. The blocking rim 1s defined on an outer surface of the
head portion between the top end and the bottom surface. The
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stem portion 1s interposed between the head portion and the
sealing portion, such that the stem portion 1s connected to a

top surface of the sealing portion and to the bottom surface of
the head portion. The stem portion has a stem-portion width
less than the blocking-rim width. The sealing portion has a
sealing-ring groove defined 1n an outer surface thereof for
accommodating at least one sealing ring.

The manual-valve piston may be used for sealing a com-
pressed-gas conduit defined by a conduit wall and having a
conduit mnside diameter. The width of the blocking rim of the
manual-valve piston 1s less than the conduit inside diameter.
The manual-valve piston 1s insertable head portion first into
the compressed-gas conduit through a conduit opening, such
that when the manual-valve piston 1s fully iserted into the
compressed-gas conduit and at least one sealing ring 1s seated
within the sealing ring groove, (1) a nm gap 1s defined
between the blocking rim of the head portion and the conduit
wall; (2) an 1sochoric thermal 1solation zone 1s defined 1n the
compressed-gas conduit between the bottom surface of the
head portion and the top surface of the sealing portion radially
outwardly from the stem portion; and (3) the at least one
sealing ring substantially prevents fluild communication
between the 1sochoric thermal 1solation zone and the conduit
opening.

In another embodiment, a manual-valve assembly com-
prises a manual-valve piston and a coupling body coupled to
the manual-valve piston. The coupling body may comprise
coupling body threads for engaging corresponding threads
defined 1n the conduit wall. The coupling body may be a
single part or two parts. The coupling body may comprise a
tool port for manipulating the manual-valve assembly 1nto or
out of a compressed-gas conduit.

In still another embodiment, a compressed-gas system
comprises a fuel-storage vessel, a refueling port, a joint con-
duit, a compressed-gas conduit, and a manual-valve assembly
according to one or more embodiments described herein. The
1ot conduit 1s 1n flid communication with at least one of the
refueling port and the fuel storage vessel. The compressed-
gas conduit 1s 1n fluid communication with the joint conduat.
The compressed-gas conduit has a conduit inside diameter
and 1s defined by a conduit wall, which may comprise conduit
mechanical threads. The compressed-gas conduit comprises
a conduit opening to an ambient-pressure external environ-
ment.

These and other features, aspects, and advantages of the
present invention will become better understood with refer-
ence to the following description, appended claims, and
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Though the specification concludes with claims particu-
larly pointing out and distinctly claiming the invention, 1t 1s
believed that the present invention will be better understood
from the following description taken in conjunction with the
accompanying drawings, in which:

FIG. 1 1s a perspective view ol a manual-valve piston
according to one or more example embodiment described
herein;

FIG. 2 1s a cross-sectional view of the manual-valve piston
shown in FIG. 1 when the manual-valve piston i1s fully
inserted into a compressed gas conduit;

FIG. 2A 1s an iset view showing a rim gap defined
between a blocking rim and a conduit wall;

FIG. 3 1s aperspective view with cross-section of a manual-
valve assembly comprising a manual-valve piston, according
to one or more example embodiment described herein;
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FI1G. 4 1s a cross-sectional and schematic view of a com-
pressed-gas system comprising a manual-valve assembly,
according to one or more example embodiment described
herein; and

FIG. 4A 1s an 1nset view showing from FIG. 4 the nm gap
defined between the blocking rim and the conduit wall.

DETAILED DESCRIPTION

Though the following detailed description refers occasion-
ally to specific embodiments, 1t 1s to be understood that the
specific embodiments are non-limiting examples only. The
specific embodiments are provided so that this disclosure will
be thorough and complete and will fully elucidate and clarify
all aspects of the claims to those skilled 1n the art.

Unless otherwise defined, all technical and scientific terms
used herein have the same meaning as commonly understood
by one of ordinary skill in the art to which the invention
belongs. The terminology used 1n the description herein 1s for
describing particular embodiments only and 1s not intended to
be limiting. As used 1n the specification and appended claims,
the singular forms “a,” “an,” and “the” are intended to include
the plural forms as well, unless the context clearly indicates
otherwise.

Unless otherwise indicated, all numbers expressing quan-
tities or measurements used 1n the specification and claims
are to be understood as being modified 1n all mnstances by the
term “about.”” Accordingly, unless otherwise indicated, the
numerical properties set forth 1n the specification and claims
are approximations that may vary depending on the desired
properties sought to be obtained 1 embodiments of the
present invention. Notwithstanding that the numerical ranges
and parameters setting forth the broad scope of the invention
are approximations, the numerical values set forth in the
specific examples are reported as precisely as possible. One
of ordinary skill in the art will understand that any numerical
values inherently contain certain errors attributable to the
measurement techniques used to ascertain the values.

Unless otherwise noted, when a first measurement herein 1s
provided as a specified percentage of a specified second mea-
surement, 1t will be understood that the first measurement 1s
equal to the specified second measurement times the specified
percentage, divided by 100. For example, 1f a first measure-
ment 1s described as 80% of a second measurement, and the
second measurement 1s 100 m, the first measurement has been
described thereby as 100 mx80/100=80 m. When ranges are
provided for either the specified percentage or the specified
second measurement, the first measurement shall be under-
stood to encompass the broadest possible range derivable
from the specified values. For example, if a first measurement
1s specified as “from 80% to 90%” of a second measurement,
and the second measurement 1s specified as “from 50m to 100
m,” the first measurement has been described thereby as from
40 m (80% of 50 m) to 90 m (90% of 100 m), with the
understanding that the original limitation “from 80% to 90%"”
necessarily still applies to the relative values of the first mea-
surement and the second measurement. As such, in the above
scenari0, the first measurement cannot be 50 m 1f the second
measurement 1s 100 m. Here, even though the first measure-
ment would be within the range of 40 m to 90 m and the
second measurement would be within the range of 50 m to
100 m, the 50 m first measurement 1s not within the range of
from 80% to 90% of the 100 m second measurement.

Referring to FI1G. 1, an example embodiment of a manual-
valve piston 1 1s shown. The manual-valve piston 1 comprises
a head portion 10, a stem portion 30, and a sealing portion 40.
The head portion 10 comprises a top end 12, a head-portion
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bottom surface 14, and a blocking rim 16. The blocking rim
16 1s defined on a head-portion outer surface 18 between the
top end 12 and the head-portion bottom surface 14. The
blocking rim 16 has a blocking-rim width w,. The manual-
valve piston 1 may be constructed from any suitable material
having rigidity and having compatibility with compressed
gasses such as CNG or hydrogen. Examples of materials
well-suited for the manual-valve piston include, but are not
limited to: austenitic steels such as, for example, those
according to DIN specifications 1.3952, 1.4433, 1.4435,
1.4438, or 1.4439, without regard to temperature limitations;
austenitic steels according to DIN specifications 1.4306,
1.4401,1.4404,1.4406;1.4429, 1.4430, 1.4434,1.4571, hav-
ing temperature limitations of from -100° C. to +200° C.;
aluminum; aluminum alloys such as, for example, EN
AW-5042, EN AW-5049, EN AW-35083, EN AW-5754, EN
AW-6060, EN AW-6061 or EN AW-6082; and polyether ether
ketone (PEEK).

The stem portion 30 of the manual-valve piston 1 is inter-
posed between the head portion 10 and the sealing portion 40,
such that the stem portion 30 1s connected to a sealing-portion
top surface 46 of the sealing portion 40 and to the head-
portion bottom surface 14. The stem portion 30 has a stem-
portion width w, less than the blocking-rim width w,. The
sealing portion 40 has a sealing-ring groove 42 for accom-
modating at least one sealing ring (not shown). The sealing-
ring groove 42 1s defined 1n a sealing-portion outer surface 44
ol the sealing portion 40.

In preferred embodiments, as shown in FIG. 1, the head
portion 10 may comprise a head-portion flare 25 adjacent to
the head-portion bottom surface 14. The head portion 10
further may comprise a head-portion cap 20 adjacent to the
top end 12. The head-portion cap 20 may be substantially
cylindrical and have a head-portion cap width less than the
blocking-rim width w,. The head-portion flare 25 may have a
substantially trapezoidal cross-section, such that the width of
the head-portion tlare 25 increases from the head-portion cap
width to the blocking-rim width w, in the direction along the
head-portion outer surface 18 toward the head-portion bottom
surface 14. The precise contour of the head portion 10, includ-
ing the presence or absence of a head-portion cap 20, a head-
portion flare 25, or both, are not critical. Even so, when
present, the head-portion flare 25 may impart beneficial flow
characteristics to a compressed-gas system, described below,
such as by influencing flow patterns into an isochoric thermal
1solation zone, also described below.

Referring to FIGS. 1 and 2, the manual-valve piston 1 may
be used to seal a compressed-gas conduit 140 defined by a
conduit wall 145 and having a conduit inside diameter x.
Particularly, the manual-valve piston 1 may be inserted, with
the head portion 10 first, 1nto the compressed-gas conduit 140
through a conduit opening 149. When the manual-valve pis-
ton 1 1s to be fully inserted into the compressed-gas conduit
140, preferably at least one sealing ring 50 1s seated 1n the
sealing-ring groove 42 of the sealing portion 40. As used
herein, the term “fully inserted” means that the manual-valve
piston 1 1s inserted into the compressed-gas conduit 140 to the
extent that at least all of the sealing-ring groove 42, including
the at least one sealing ring 350 seated in the sealing-ring
groove 42, 1s disposed within the compressed-gas conduit
140.

The at least one sealing ring 50 may comprise any material
suitable for sealing high-pressure systems with exposure to
temperatures in the range of about —45° C. to about +40° C.
When more than one sealing ring 1s present, each sealing ring
may be made from the same material or from different mate-
rials. More than one sealing ring may be used, for example, to
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provide a second “back-up” sealing ring as a failsafe mecha-
nism behind a first sealing ring. Preferably, each sealing ring
1s chemically compatible with a desired compressed gas such
as CNG or hydrogen, for example. Materials may be chosen
based on their TR10 value (1.¢., the temperature at which the
material exhibits a 10% compression set) 1n view of expected
temperature specifications for a compressed gas system 1nto
which the manual-valve piston 1 1s to be incorporated. The at
least one sealing ring 30 may be a simple o-ring or may have
any desired contour. It will be understood, however, that more
complicated sealing ring structures may require additional
machining of the conduit to be sealed by the at least one
sealing ring 50. Materials such as polyurethane (PU) may be
advantageous because polyurethanes have a desirably low
TR10 value and, as such, would be expected to have higher
durability at low temperatures such as down to =50° C. Even
s0, polyurethane materials an be considerably more costly
than alternate, elastic materials such as ethylene propylene
diene monomer (EPDM), fluoroelastomers (FKM), and
nitrile butadiene rubber (NBR), hydrogenated nitrile butadi-
ene rubber (HNBR), 1sobutylene 1soprene rubber (I1IR), and

chlorobutyl rubber (CIIR), for example. Elastic materials
such as these typically can withstand temperatures down to
about —40° C.

When the manual-valve piston 1 1s fully mserted into the
compressed gas conduit 140 and at least one sealing ring 50 1s
seated within said sealing-ring groove 42, a rim gap 90 1s
defined between the blocking rim 16 and the conduit wall
145. The rnm gap 90 1s 1llustrated further 1n the mset view of
FIG. 2A. Additionally, an 1sochoric thermal 1solation zone 95
1s defined 1n the compressed gas conduit 140 between the
head-portion bottom surface 14 and the sealing-portion top
surface 46, radially outwardly from the stem-portion outer
surface 35. The at least one sealing ring 50 substantially
prevents fluid communication between the 1sochoric thermal
isolation zone 935 and the conduit opening 149. As used
herein, the recitation “substantially prevents fluid communi-
cation” means that, under normal and intended use, all fluid
communication 1s prevented. Nevertheless, 1t 1s fully contem-
plated that under some circumstances, a negligible or very
small amount of unintended fluild communication may be
present, such as around a non-optimal sealing ring or via a
diffusion phenomenon.

As shown in FIGS. 2 and 2A, arnnm-gap width w of the rim
gap 90 1s defined by the blocking-rim width w, of the block-
ing rim 16. In general, the blocking-rim width w, 1s less than
the conduit 1nside diameter x. Preferably, the blocking-rim
width w, 1s less than the conduit inside diameter x and also at
least 80%, at least 90%, at least 95%, at least 99%, at least
99.9%, or even at least 99.99% of the conduit inside diameter
X. Alternatively, the blocking-rim width w, may be from 80%
to 99.99%, from 90% to 99.9%, from 95% to 99.9%, or from
99% to 99.99% of the conduit mnside diameter x. As an 1llus-
trative, non-limiting example, if the conduit inside diameter x
1s about 1 cm (10 mm) and the blocking-rim width w, 1s from
about 80% to about 99.9% of the conduit inside diameter x,
the resulting width of the nm gap 90 would be from about
0.01 mm to about 2 mm. It will be appreciated that the com-
pressed-gas conduit 140 need not have a uniform conduit
inside diameter X throughout 1ts entire depth. As such, expres-
s1on of the blocking-rim width w, as a fraction of the conduit
inside diameter x will be understood to refer to the conduit
inside diameter x at a cross section of the compressed-gas
conduit 140 that includes the head-portion bottom surface 14
of the manual-valve piston 1 when the manual-valve piston 1
1s Tully inserted 1nto the compressed-gas conduit.
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As noted above, the stem-portion width w, 1s less than the
blocking-rim width w, . In preferred embodiments, the stem-
portion width w, 1s from about 10% to about 70%, from about
20% to about 60%, from about 30% to about 50%, or from
about 30% to about 40% of the blocking-rim width w,. Gen-
crally, the stem-portion width w, may be chosen to be suili-
ciently large to provide adequate strength to the stem portion
30 without concern that the stem portion 30 can bend or break
when the manual-valve piston 1 1s repeatedly inserted into or
removed from the compressed-gas conduit 140. On the other
hand, the stem-portion width w, may be chosen to be suifi-
ciently small as to maximize the volume of the 1sochoric
thermal 1solation zone 95, provided the stem portion 30
retains adequate strength to resist bending or breaking. In
addition to advantages that will be described 1n detail below
with respect to an 1sochoric thermal 1solation zone, the pres-
ence of a stem portion 30 narrower than other parts of the
manual-valve piston 1 advantageously decreases the weight
and material cost ol the manual-valve piston 1 over the cost of
a similar piston having a substantially uniform width
throughout 1ts entire length.

A stem-portion lengthy of the stem portion 30, as measured
from the head-portion bottom surface 14 to the sealing-por-
tion top surface 46, may be chosen so as to optimize the
thermal characteristics of the 1sochoric thermal 1solation zone
95. In particular, the 1sochoric thermal 1solation zone 95 may
be tailored 1n this manner according to the material or mate-
rials intended to be used for the at least one sealing ring 50. In
example embodiments, the stem-portion lengthy may be cho-
sen with relation to the blocking-rim width w,. For example,
the ratio y/w, may be from about 0.4 to about 1.3, from about
0.5 to about 1.3, from about 0.75 to about 1.2, preferably from
about 0.75 to about 1.0. In preferred embodiments, the stem-
portion lengthy may be chosen with relation to the difference
w,—w, between the blocking-rim width w, and the stem-
portion width w,. For example, the ratio y/(w,-w,) may be
from about 0.75 to about 2.0, from about 1.0 to about 2.0,
preferably from about 1.0 to about 1.5, most preferably from
about 1.2 to about 1.3.

Referring now to FIG. 3, in further embodiments, the
manual-valve piston 1 may be incorporated as a component of
a manual-valve assembly 2. The manual-valve assembly 2
comprises a manual-valve piston 1 and a coupling body 60
coupled to the manual-valve piston 1. In the manual-valve
assembly 2, the manual-valve piston 1 may comprise any or
all of the features described above with reference to FIGS. 1
and 2. In FIG. 3, the sealing-ring groove 42 1s shown as
accommodating the at least one sealing ring 50.

In the manual-valve assembly 2, the manual-valve piston 1
and the coupling body 60 may be formed together as an
integral component or may be separate components. When
the manual-valve piston 1 and the coupling body 60 are
formed as multiple components, for example, the coupling
body 60 may comprise a grasping member 77 that engages a
support groove 45 defined 1n the sealing-portion outer surface
44 (see FIG. 1) of the manual-valve piston 1. Likewise, the
coupling body 60 may be formed as a single component or as
multiple components. For example, the coupling body 60
may comprise an insertion portion 70 and an access portion
65. In such a configuration of the coupling body 60, the
isertion portion 70 may be sealed against the access portion
65 by a coupling body seal 66.

The coupling body 60 may comprise a tool port 80 dis-
posed on a bottom end 67 of the coupling body 60. If the
coupling body 60 1s formed as multiple components, prefer-
ably the tool port 80 extends through at least a portion of each
of the multiple components, such that a single tool can be
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inserted into the tool port and used to rotate, grasp, insert,
tighten, loosen, remove, or otherwise manipulate the manual-
valve assembly 2. Though the tool port 80 shown 1n FIG. 3 1s
a female-type port requiring an insertable tool such as, for
example, a hex key (as shown), a similarly insertable wrench
having any desired geometric shape known or to be invented,
a screwdriver, or a customized insertable tool, it will be
readily understood that the tool port 80 may be configured
alternatively as a protruding member (not shown) for manipu-
lation or grasping by a tool such as a socket, a wrench, or
pliers, and still retain the same purpose and function.

In preferred embodiments, the coupling body 60 may com-
prise coupling-body threads 75 for engaging corresponding,
mechanical threads defined 1n a threaded portion of the con-
duit wall. When the coupling body 60 1s formed of multiple
components, the coupling-body threads 75 may be disposed
on the 1nsertion portion 70 of the coupling body 60. When
coupling-body threads 75 are present, preferably the grasping
member 77 and the support groove 45 are configured so that
the coupling body 60 may be rotated freely about the longi-
tudinal axis of the manual-valve assembly without forcing the
manual-valve piston 1 to rotate at the same time. In such a
configuration, the manual-valve assembly 2 may be inserted
and secured mto a compressed-gas conduit having a conduit
wall with a threaded portion by rotating the manual-valve
assembly by hand or with a tool i cooperation with the tool
port 80. If the coupling body 60 rotates freely without forcing,
the manual-valve piston 1 to rotate simultaneously, the
manual-valve piston 1s simply driven into the compressed-gas
conduit without being rotated. Thereby, frictional wear of the
at least one sealing ring 50 attributable to rubbing of the at
least one sealing ring 50 against the conduit wall during
rotation may be minimized or eliminated. When the coupling,
body 60 comprises both a tool port 80, described above, and
coupling-body threads 73, the tool port 80 1s mechanically
coupled to the coupling-body threads 75, such that rotation of
a tool engaged with the tool port 80 causes rotation of the
coupling-body threads 75. For example, the manual-valve
assembly 2 disposed 1n a compressed-gas conduit 140 may be
removed from the compressed-gas conduit 140 by engaging a
tool with the tool port 80 and rotating the tool 1n a decom-
pressive direction.

Referring now to FIG. 4, the manual-valve assembly 2
described above may be incorporated into a compressed-gas
system 100. The compressed-gas system 100 may comprise a
tuel-storage vessel 110, a refueling port 120, a joint conduit
130, a compressed-gas conduit 140, and a manual-valve
assembly 2. The compressed-gas conduit 140 1s 1n fluid com-
munication with the joint conduit 130. The joint conduit 130
may be 1n flud communication with at least one of the refu-
cling port 120 and the fuel-storage vessel 110. For example,
the joint conduit 130 may be 1n fliid communication with the
retueling port 120 by way of a refueling conduit 125. Like-
wise, the joint conduit 130 may be in fliid communication
with the fuel-storage vessel 110, for example, by way of a
vessel conduit 115. One or more components of the com-
pressed-gas system 100 may be disposed within a valve box
105. The valve box 105 may be mounted by any practical
means directly to the fuel-storage vessel 110 or may be spa-
tially separated from the fuel-storage vessel 110, provided in
the latter case that fluild communication 1s established
between the fuel-storage vessel 110 and the vessel conduit
115.

Optionally, the refueling conduit 125, the vessel conduit
115, or both, may include one or more flow manipulation
devices or actuators (not shown) for starting fluid tlow, stop-
ping flud flow, or changing an amount of fluid flow. For
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example, as shown 1 FIG. 4, the vessel conduit 115 may
include an automatic valve 150 operable to stop or start fluid
communication between the fuel-storage vessel 110 and the
joint conduit 130, for example, by being moved 1n or out of
the joint conduit 130 in response to signals from various
control apparatus (not shown) or to one or more predeter-
mined physical or thermal conditions. An end of the auto-
matic valve 150 1s shown 1n F1G. 4 as part of a larger structure
that may be made to move up or down in the direction of the
arrows. As 1llustrated schematically, the larger structure of
which the automatic valve 150 1s an end part may comprise a
connection port 155 for placing the automatic valve 150 1n
fluidic communication with one or more devices (not shown)
such as, for example a fuel cell, an 1njection system, a
reformer, or a combustion engine.

Referring still to FI1G. 4, the compressed-gas conduit 140 1s
defined by a conduit wall 145. At least a portion of the conduit
wall 145 may comprise conduit threads 147 or a similar
feature for securing the manual-valve assembly 2 within the
compressed-gas conduit 140. The compressed-gas conduit
140 comprises a conduit opeming 149 to the outside of the
valve box 105. Thus, when the manual-valve assembly 2 1s
tully inserted 1nto the compressed-gas conduit, the tool port
80 remains exposed to enable a technician to remove the
manual-valve assembly 2 by inserting an appropriate tool into
the tool port 80 and rotating the manual-valve assembly 2
against the conduit threads 147 on the conduit wall 145. In
particular, the conduit threads 147 engage the coupling-body
threads 75 (see FIG. 3) so as to define both an insertion
direction of rotation and a removal direction of rotation for
the manual-valve assembly 2, depending on the orientation of
the conduit threads 147.

In the compressed-gas system 100 shown 1n FIG. 4, the
manual-valve assembly 2 may be removed, for example, to
service the compressed-gas system 100 as a whole or com-
ponents such as the fuel-storage vessel 110. Particularly when
the automatic valve 150 1s controlled by electronic means
such as a battery-driven control apparatus, the automatic
valve 150 may fail to close or may be deactivated when the
battery 1s disconnected. As such, the manual-valve assembly
2 may find utility as a pressure relief device for permitting
servicing of the compressed-gas system when the automatic
valve 150 1s moperable.

As described above with reference to FIG. 2, the com-
pressed-gas conduit 140 has a conduit inside diameter X. As
shown 1n FIGS. 4 and 4A, 1n the compressed-gas system 100,
the blocking rim 16 of the manual-valve piston 1 of the
manual-valve assembly 2 has a blocking-rim width w, less
than said conduit inside diameter, so as to define a rim gap 90
with a nm-gap width w; between the blocking rim 16 and the
conduit wall 145. The rim gap 90 typically 1s quite narrow and
need only be sufficiently wide to allow passage of a measur-
able amount of compressed gas from the joint conduit 130
into the 1sochoric thermal 1solation zone 95. For example, the
blocking-rim width w, may be less than the conduit 1nside
diameter X and also at least 80%, at least 90%, at least 95%, at
least 99%, or even at least 99.9% of the conduit inside diam-
cter X. Alternatively, the blocking-rim width w, may be from
80% to 99.9%, from 90% to 99.9%, from 95% to 99.9%, or
from 99% to 99.9% of the conduit inside diameter x. Thus, the
rnm gap 90 functions 1n this regard not as an open fluid
passageway but, rather, as an orifice leading from the joint
conduit 130 to the 1sochoric thermal isolation zone 95 and
permitting a minimal amount of fluild commumication
between the 1sochoric thermal 1solation zone 935 and the joint

conduit 130.
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Also described above with reference to FIG. 2, the stem
portion 30 of the manual-valve piston 1 of the manual-valve
assembly 2 has a stem-portion width w, less than the block-
ing-rim width w,. In preferred embodiments, the stem-por-
tion width w, 1s from about 10% to about 70%, from about
20% to about 60%, from about 30% to about 50%, or from
about 30% to about 40% of the blocking-rim width w,.
Thereby, an 1sochoric thermal 1solation zone 95 i1s defined 1n
the compressed gas conduit 140 between the head-portion
bottom surface 14 and the sealing-portion top surface 46,
radially outwardly from the stem-portion outer surface 35.
The at least one sealing ring 50 substantially prevents fluid
communication between the 1sochoric thermal 1solation zone
935 and the conduit opening 149 and, as such, prevents leakage
of compressed gas from the compressed-gas system 100 to
the external environment. Without intent to be limited by
theory, 1t1s believed that a narrow blocking-rim width w, may
additionally prevent damage to the at least one sealing ring 50
from sudden increases ol pressure in the compressed-gas
system 100 that arise at the beginning of refueling and vehicle
starting operations.

With respect to the 1sochoric thermal 1solation zone 95, the
term “1sochoric” 1s used according to the common meaning of
“having a constant volume.” The 1sochoric thermal 1solation
zone 95 1n general functions as a thermal butier between the
joint conduit 130 and the at least one sealing ring 50, espe-
cially when extremely cold compressed gas 1s introduced nto
the joint conduit 130 from either the refueling conduit 125 or
the vessel conduit 115. This thermal buffering effect of the
1sochoric thermal 1solation zone 95 may be further advanta-
geous, because economical sealing ring materials having
lower cold tolerance may be used in the place of more expen-
stve materials having higher cold tolerance. Without intent to
be limited by any particular theory of operation, the function
of the 1sochoric thermal 1solation zone 935 1s best understood
in view of temperatures and pressures present 1 various
portions of the compressed-gas system 100 during refueling,
and vehicle starting operations.

Within the compressed-gas system 100, the refueling con-
duit 1235 1s at a retfueling conduit pressure P, the fuel-storage
vessel 110 1s at a vessel pressure P, and the 1sochoric thermal
1solation zone 95 1s at an 1solation zone pressure P,. When no
compressed gas 1s present in the compressed-gas system 100,
P,=P,=P,, and each pressure 1s approximately atmospheric
pressure (about 1 atm). The temperature of the compressed-
gas system 100 1s approximately equal to the ambient tem-
perature of the environment outside the valve box 105.

During a refueling operation, a compressed gas such as
compressed natural gas or hydrogen may be introduced into
the compressed-gas system 100 through the refueling port
120 and the refueling conduit 125. The compressed gas may
have a temperature of —40° C. or lower on entry mto the
retueling conduit 125 and may be 1ntroduced at pressures in
excess of 800 atmospheres (atm). To permit compressed gas
to enter the fuel-storage vessel 110 during refueling, the auto-
matic valve 150 1s forced into an open position, as depicted in
FIG. 4. Imitially, the refueling conduit pressure P, 1s signifi-
cantly higher than the vessel pressure P, and the 1solation
zone pressure P;. As such, compressed gas begins to flow into
the fuel-storage vessel 110 through the vessel conduit 115 and
also 1nto the 1sochoric thermal 1solation zone 95 through the
rim gap 90. Most of the compressed gas being introduced into
the refueling conduit 125 continues to flow into the fuel-
storage vessel 110, where 1t begins to {ill the fuel-storage
vessel 110 and become compressed.

Though the temperature of the compressed gas 1n the fuel-
storage vessel 110 begins to rise as the fuel-storage vessel 110
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1s filled, the compressed gas flowing through the joint conduit
130 remains at substantially the same temperature during
refueling (i.e., as low as —40° C.), owing to the presence of
pressure drops 1in the conduits, such as may be caused near
edges, seals, and small orifices connected to components not
shown 1n FIG. 4. Thus, 1f no 1sochoric thermal 1solation zone
95 were present, the at least one sealing ring 50 could be
constantly exposed to very low temperatures during refuel-
ing, possibly shortening the life of the at least one sealing ring
50. But because the 1sochoric thermal 1solation zone 95 has a
constant volume without any pressure drops, the 1solation
zone pressure P, may equilibrate to the refueling conduit
pressure P, at about the same rate as the vessel pressure P,
increases to the refueling conduit pressure P, when being
filled with the compressed gas.

Choice of a very narrow blocking gap width w, further
ensures that the compressed gas flows substantially 1n one
direction, into the 1sochoric thermal 1solation zone 95, and not
back out into the joint conduit 130. Thus, the 1sochoric ther-
mal 1solation zone 95 1s essentially a stagnant dead zone
without recirculation of the compressed gas. Choice of a very
narrow blocking gap width w, also ensures that the increase
of the 1solation zone pressure P, occurs relatively slowly. The
expected rise in temperature within the constant volume of
the 1sochoric thermal 1solation zone 93, therefore, may be
counterbalanced by the colder temperature of the compressed
gas entering the 1sochoric thermal 1solation zone 95. Thermal
simulations of the 1sochoric thermal 1solation zone 95 per-
formed on a system similar to the compressed-gas system 100
shown 1n FIG. 4 indicated that during a refueling operation
the temperature of the isochoric thermal 1solation zone 935
iitially rose slightly but thereaiter remained substantially
constant. Importantly, the substantially constant temperature
in the 1sochoric thermal 1solation zone 95 during refueling
indicated that the at least one sealing ring was protected from
constant exposure to very cold compressed gas entering the
compressed-gas system 100.

During a vehicle starting operation, the i1sochoric thermal
1solation zone 95 functions 1n a similar manner to protect the
at least one sealing ring from thermal shock. In the com-
pressed-gas system 100 immediately prior to a vehicle start-
ing operation, the refueling port 120 1s sealed and the auto-
matic valve 1s 1n a closed position (down 1n FIG. 4) preventing
fluid communication between the vessel conduit 1135 and the
joint conduit 130. The refueling conduit pressure P, and the
1solation zone pressure P, at the beginning of the vehicle
starting operation are substantially lower pressure than the
vessel pressure P,. When the vehicle is started, the automatic
valve 150 1s raised into the position shown in FIG. 4 to
establish fluid communication between the fuel-storage ves-
sel 110 and the connection port 155 and, more particularly,
between the fuel-storage vessel 110 and any device (not
shown) such as a fuel cell or a combustion engine 1n fluid
communication with the connection port 155.

As 1s evident from FIG. 4, the opening of the automatic
valve 150 exposes the joint conduit 130 to high-pressure
expanding compressed gas from the tuel-storage vessel 110.
The expansion of compressed gas from the fuel-storage ves-
sel 110 naturally results 1n a drop in temperature of the com-
pressed gas. Particularly when the ambient temperature 1s
very low, for example below —30° C., further decrease of the
compressed gas temperature during a vehicle starting opera-
tion can affect the at least one sealing ring 50 in the absence
of an 1sochoric thermal 1solation zone 95 1n exactly the same
manner as can cold gas entering the refueling conduit 1235
during a refueling operation. However, during a vehicle start-
ing operation the configuration of the 1sochoric thermal 1s0-
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lation zone 935 allows the isolation zone pressure P; to
increase slowly to the vessel pressure P,. The increase 1n the
1solation zone pressure P, produces an increase of the tem-
perature in the 1solation zone that counterbalances the
decreasing temperature of the compressed gas expanding
from the fuel-storage vessel 110. Like with the refueling
operation, the temperature of the 1sochoric thermal 1solation
zone remains substantially constant during the vehicle start-
ing operation, thereby protecting the at least one sealing ring
50 from exceedingly low temperatures and also thereby pro-
longing the life of the at least one sealing ring 50.

It 1s noted that one or more of the following claims utilize
the term “wherein” as a transitional phrase. For the purposes
of defining the present invention, 1t 1s noted that this term 1s
introduced in the claims as an open-ended transitional phrase
that 1s used to itroduce a recitation of a series of character-
1stics of the structure and should be interpreted 1n like manner
as the more commonly used open-ended preamble term
“comprising.”

What 1s claimed 1s:

1. A compressed-gas system comprising a fuel storage
vessel, a refueling port, a joint conduit, a compressed-gas
conduit, and a manual-valve assembly, wherein:

said joint conduit 1s 1 fluid communication with at least

one of said refueling port and said fuel storage vessel;

said compressed-gas conduit 1s 1n fluid communication
with said joint conduit;

said compressed-gas conduit has a conduit inside diameter

and 1s defined by a condut wall;

said compressed-gas conduit comprises a conduit opening

to an ambient-pressure external environment;
said manual-valve assembly comprises:
a manual-valve piston having a head portion, a stem
portion, a sealing portion, and at least one sealing
ring, wherein:
said head portion comprises a top end, a bottom sur-
face, and a blocking rim, said blocking rim defined
on an outer surface of said head portion between
said top end and said bottom surface;

said blocking rim has a blocking-rim width less than
sald conduit inside diameter;

said stem portion 1s interposed between said head
portion and said sealing portion, such that said stem
portion 1s connected to a top surface of said sealing
portion and to said bottom surface of said head
portion;

said stem portion has a stem-portion width less than
said blocking-rim width; and

said sealing portion has a sealing ring groove defined
in an outer surface thereof; and

a coupling body coupled to said manual-valve piston;

said at least one sealing ring 1s seated in said sealing ring

groove ol said manual-valve piston; and

said manual-valve assembly 1s disposed within said com-

pressed-gas conduit, such that:

a rim gap 1s defined between said blocking rim of said
head portion and said conduit wall;
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an 1sochoric thermal 1solation zone having a constant
volume without any pressure drops 1s defined 1n said
compressed gas conduit between said bottom surface
ol said head portion and said top surface of said seal-
ing portion radially outwardly from said stem portion
to said conduit wall;

said at least one sealing ring prevents fluid communica-
tion between said 1sochoric thermal 1solation zone
and said conduit opening;

compressed gas enters said 1sochoric thermal 1solation
zone through said rim gap during a refueling opera-
tion or a starting operation and stagnates 1n said 150-
choric thermal 1solation zone; and

during said refueling operation or said starting opera-
tion, said 1sochoric thermal 1solation zone thermally
butfers said at least one sealing ring from cold com-
pressed gas flowing through said joint conduit.

2. The compressed-gas system of claim 1, wherein:

said conduit wall comprises conduit threads;

said coupling body comprises coupling-body threads; and

said coupling-body threads engage said conduit threads.

3. The compressed-gas system of claim 1, wherein said at
least one sealing ring comprises at least one polyurethane
sealing ring.

4. The compressed-gas system of claim 1, wherein said at
least one sealing ring comprises at least two sealing rings,
cach sealing ring formed of a matenal independently selected
from the group consisting of ethylene propylene diene mono-
mer, fluoroelastomer, nitrile butadiene rubber, and polyure-
thane.

5. The compressed-gas system of claim 1, wherein said
head portion further comprises a head-portion flare adjacent
to said blocking rim, said head-portion flare having a trap-
czoidal cross section that directs flow of compressed gas
toward said rim gap.

6. The compressed-gas system of claim 1, wherein said
coupling body further comprises a tool port disposed on a
bottom end of said coupling body, said tool port being
mechanically coupled to said coupling-body threads.

7. The compressed-gas system of claim 1, wherein said
coupling body comprises:

an insertion portion comprising:

coupling-body threads on an outer surface of said inser-
tion portion that engage corresponding conduit
threads on said conduit wall; and

a grasping member that engages a support groove
defined 1n said outer surface of said sealing portion of
said manual-valve piston;

an access portion comprising a tool port disposed on a

bottom end of said access portion, said tool port being
mechanically coupled to said coupling-body threads;
and

a coupling-body seal that seals said insertion portion and

said access portion.
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